Introduction
Thanks to its excellent mechanical properties, Steel Fiber Reinforced Concrete (SFRC) is being increasingly used in civil constructions. In order to ensure the prescribed tensile strength, the conglomerate needs to have a certain volumetric density of fibers (normally around 40 kgjm 3 ) uniformily distributed over the structure, and the inspection has to be done during the pouring process.
Up to the moment, no experiences have been reported concerning the variation of electrogmanetic properties of SFRC during the first stages after its fabrication. The resulting information of this study is crucial for the developement of a non-destructive inspection method for SFRC based on microwaves and previously overviewed in [1] . Microwaves, due to their capability to penetrate and sense light opaque materials with reasonable spatial resolution, can offer an interesting approach to the analysis of SFRC during the pouring process.
In this paper, a complex electromagnetical model for the SFRC is derived, and a mathematical model for the obtention of the effective relative permittivity is described. A static analysis setup is presented and results of a two weeks duration analysis are analyzed. Finally, some preliminary conclusions for the time-dependence behaviour of SFRC are formulated.
Electromagnetic Modeling
In electromagnetic theory, a metallic fiber can be considered as a prolate spheroid scatterer with length l fib and diameter dfib, constituting an artificial dielectric. A randomly placed steel fiber induces a dipole moment accounting for the additional polarization density to host medium concrete. The average polarizability value for these metallic individual wires may be obtained as [2] :
JWZinp where Zinp is the input impedance of the wire antenna. Under the Maxwell -Garnett approach, the electric field inside the scatterers is determined assuming the diameter of the inclusion particles to be much smaller than the wavelength and considering that the distances between inclusions are large compared to the particle size. However, this model does not account for the mutual coupling between fibers. Mutual coupling may slightly decrease the ressonant frequency of the composite when the number of inclusions increases [3] . Under these circumstances, the well-known Clausius Mossotti formula 978-1-4244-3647-7/09/$25.00 ©2009 IEEE
can be used to connect the relative effective permittivity Eref f of a composite with the polarizability of the individual inclusion a p and the number of inclusions in the unit volume n. Erh is the relative permittivity of the host medium and EO is the vacuum permittivity. 
; ; Figure 1 represents the relative effective permittivity Eref f of a composite material consisting on PEC wires 65mm length and 0.5mm diameter as a function of frequency in the UHF band (300MHz -1.50Hz), in a concrete host medium whose permittivity has been measured and is shown in Figure 2 . The polarizability a has been computed using the NEC MoM code. Before the resonance (550 MHz), Re(Ereff) increases proportionally to the density while after the resonance the behaviour of Re(Ereff) is the oposite. According to previous studies in [1] , under-resonance regime is required for SFRC measurements.
Experimental Determination of Complex Dielectric Constant
Using the method described herein [4] , the complex values of Erreff are determined from measurements of the scattering parameters. TRL calibration and measurements are obtained at the reference planes indicated in Figure 3 . The effective relative permittivity of the material under test is related to the propagation constant through the Maxwell equations cited in [5] 
Experimental Results
In order to validate the previous model and to obtain practical data for the variation of dielectric properties of SFRC as a funtion of time and humidity content, Figure 3 (a) has been built and different SFRC blocs (Okgjm 3 and 30kgjm 3 ) have been monitorized during two weeks. The equipment consists of two 300-600 MHz [1] epoxy filled waveguides placed in a transmission arrangement propagating the illumination field through a 34cmx30cmx17cm material sample and a high precision balance. Figure 2 shows how the retrieved relative permittivities for both blocs agree with the theoretical model described in this paper.
a.. ) shows the setup of the system. In a real pouring context the concrete slab is covered with a plastic cover during the first hours for a slower and more reliable compacting of the mixture. In the following experiences it will be shown that the effect of covering the slab or not is of great importance concerning the ressonant frequency, the water evaporation expressed on an apparent loss of weight, and variation of permittivity. 
Conclusions
An accurate study of the variation of dielectric properties of SFRC has been analitically developed and experimentally tested in a fifteen days measurement campaign. The system is able to discriminate between pouring process of Okg/ m 3 and 30kg/ m 3 , which conclusion could be extensible to other standard dosage values. The high humidity content of the composite produces a variation of the ressonant frequency towards the lowest values, which will conditionate the suitable frequency range for future measurements. Under the resonance, the measured permittivity increasing behaviour is compliant with the behaviour of Eref f described in the electromagnetical model, although the resonance point has decreased due to coupling effects that are not being considered in the model. Dielectric properties change in the order of three units with respect to the value in the initial stage of the pouring process. As observed in [6] for the pure concrete, it foreseen that Eref f' reaches a stable value about one month after concreting, but the stabilization of Eref f" may need more than a month.
